Attorney Docket No. 12742.3USU1 PATENT 

UNI DIRECTIONAL IMPELLER, AND 
IMPELLER AND ROTOR ASSEMBLY 
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Cross-Reference to Related Applications 

This application claims the benefit of a U.S. Provision Application No. 
60/454,295, filed on March 13, 2003; which application is incorporated herein by 
reference. 

10 Technical Field 

This disclosure relates generally to an impeller for use with a permanent 
magnet motor. In particular, the present disclosure relates to a uni-directional impeller 
and rotor assembly that provides rotational operation of the impeller in a predetermined 
direction. 

15 

Background 

A wide variety of impeller arrangements have been utilized with two- 
pole or bipolar permanent magnetic motors. In conventional designs, the impellers are 
designed to rotate in both the clockwise direction and the counter-clockwise direction. 
20 This is because of the random nature of rotational startup of the motor. The random 
startup of such conventional design creates different operational flow rates, depending 
upon the direction of rotation, and thereby unpredictability in performance and 
efficiency. 

Some impellers have been designed to provide a preset direction of 
25 rotation. One such impeller design is disclosed in U.S. Patent 6,488,484. In this design, 
the blades of the impeller are configured to provide an imbalance of motor power versus 
fluid power. Thus, these types of impeller design require specific blade geometry to 
accomplish uni-directional rotation. Specific blade geometries that accomplish uni- 
directional rotation are often inefficient or have low performance ratings for particular 
30 applications. For example, some impellers having specific blade geometry cause a 
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higher power draw on the motor than impellers having a more standard blade 
configuration. Similarly, impellers having specific blade geometry are significantly 
limited in permitting blade modifications to optimize performance because of the design 
constraint to provide the uni-directional rotation. In impeller designs having a specific 
5 blade geometry, performance and efficiency are sacrificed for consistency of directional 
rotation. 

In general, improvement has been sought with respect to such impeller 
designs, generally to: provide uni-directional rotation without sacrificing performance, 
and permit use of a variety of a high performance impeller blade configurations while 
1 0 still providing a known direction of rotation. 



Summary 

One aspect of the present disclosure relates to an assembly including a 
rotor and an impeller. The assembly includes an arrangement that interconnects the 

15 rotor and the impeller. The arrangement is designed to permit continuous rotation of 
the rotor and the impeller in a first direction, and prevent continuous rotation of the 
rotor in a second opposite direction. The arrangement includes a first interconnecting 
structure configured to rotate in concert with the rotor, and a second interconnecting 
structure configured to rotate in concert with the impeller. 

20 Another aspect of the present disclosure relates to an impeller and rotor 

assembly including a shaft having a first end and a second end. A rotor is mounted on 
the shaft adjacent to the first end. The rotor includes a first interconnecting structure 
positioned at a first end of the rotor, and a first locking structure positioned at a second 
end of the rotor. An impeller is mounted on the shaft adjacent to the second end of the 

25 shaft. The impeller includes a second interconnecting structure corresponding to the 
first interconnecting structure of the rotor. The assembly also includes a first end cap 
mounted on the first end of the shaft and a second end cap mounted on the second end 
of the shaft. The second end cap includes a second locking structure corresponding to 
the first locking structure of the rotor. The second locking structure prevents rotation of 

30 the rotor in a predetermined direction. 
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Still another aspect of the present disclosure relates to an impeller having 
a main body and a plurality of blades extending from the main body. The impeller 
includes a cam structure having an incline surface and an engagement surface. The cam 
structure is configured to provide contact between the engagement surface and a 
5 component of a permanent magnetic motor when the motor rotates in a first direction 
and provide contact between the incline surface and a component of the motor when the 
motor rotates in a second direction. 

Yet another aspect of the present disclosure relates to a method of 
limiting rotation of a motor in a predetermined direction. The method includes 

10 providing a rotor with a locking structure and providing an impeller. The rotor is 
axially displaced from a first position adjacent to the impeller to a second position 
located a distance from the impeller when the motor rotates in the predetermined 
direction. The locking structure of the rotor engages with a fixed arrangement to 
prevent continuous rotation of the motor in the predetermined direction. 

15 A variety of aspects of the invention are set forth in part in the 

description that follows, and in part will be apparent from the description, or may be 
learned by practicing various aspects of the disclosure. The aspects of the disclosure 
may relate to individual features as well as combinations of features. It is to be 
understood that both the foregoing general description and the following detailed 

20 description are exemplary and explanatory only, and are not restrictive of the claimed 
invention. 

Brief Description of the Drawings 

FIG. 1 is an elevational side view of one embodiment of an impeller and 
25 rotor assembly in accord with the principles of the present disclosure; 

FIG. 2 is an exploded side view of the impeller and rotor assembly of 

FIG. 1; 

FIG. 3 is a cross-sectional view of the impeller and rotor assembly of 
FIG. 1, taken along line 3-3; 
30 FIG. 4 is a perspective top view of one embodiment of a rotor, in accord 

with the principles of the present disclosure, and illustrated in FIG. 1; 
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FIG. 5 is a perspective bottom view of the rotor of FIG. 4; 
FIG. 6 is a first perspective bottom view of one embodiment of an 
impeller, in accord with the principles of the present disclosure, and illustrated in FIG. 

i; 

5 FIG. 7 is a second perspective bottom view of the impeller of FIG. 6; 

FIG. 8 is a perspective top view of one embodiment of an end cap, in 
accord with the principles of the present disclosure, and illustrated in FIG. 1; 

FIG. 9 is partial cross-sectional view of the impeller and rotor assembly 
of FIG. 1, shown in a first position that permits continuous rotation; and 
10 FIG. 10 is a partial cross-sectional view of the impeller and rotor 

assembly of FIG. 1, shown in a second position that prevents continuous rotation. 

Detailed Description 

The present disclosure will be described with reference to an impeller 

15 for use with a permanent magnet motor. In particular, the present disclosure relates to 
an impeller assembled with a rotor, the assembly being configured to permit continuous 
rotation in a desired first direction and prevent continuous rotation in an opposite or 
undesired second direction. What is meant by "continuous rotation" is that the impeller 
and rotor assembly is permitted to normally operate or rotate in the first direction for an 

20 unlimited number of revolutions, as desired by a user and permitted by the life of the 
motor. When continuous rotation is not permitted in the opposite direction, that means 
the impeller and rotor assembly is prevented from rotating in the opposite direction for 
an unlimited number of revolution; in other words, the number of revolutions in the 
opposite direction is limited. 

25 FIG. 1 illustrates one embodiment of the impeller and rotor assembly 10 

in accord with the principles disclosed. The assembly 10 generally includes an impeller 
12 and rotor 14. The impeller and rotor assembly 10 also includes an interconnecting 
arrangement 30 and a locking arrangement 60. The interconnecting arrangement 30 
interconnects the rotor 14 and the impeller 12 so that the impeller 12 rotates in concert 

30 with the rotor 14 when the rotor rotates in a desired first direction. The interconnecting 
arrangement 30 also functions to operably engage the locking arrangement 60 to 
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prevent continuous rotation of the rotor in the second, opposite or undesired direction. 
The interconnecting arrangement 30 5 the locking arrangement 60, and the rotational 
operations of the assembly 10 will be discussed in greater detail hereinafter. 

FIG. 2 illustrates the assembly 10 in an exploded view. The assembly 10 
5 has a longitudinal axis A-A. The longitudinal axis A-A is generally defined by a central 
shaft 20. The impeller 12 is positioned on the shaft 20 adjacent to a first end 32 of the 
shaft 20, and the rotor 14 is positioned on the shaft 20 adjacent to a second end 34 of the 
shaft 20. A first end cap 22 and a second end cap 24 secure the impeller 12 and rotor 14 
to the shaft 20 (FIG. 3). 

10 In particular, the first and second end caps 22, 24 include attachment 

structure 82 that couples the end caps to the shaft 20. The illustrated attachment 
structure 82, as shown in FIG. 3, includes a central bore 83 having an annular protrusion 
86 that corresponds to a groove 84 formed on the shaft 20. The end caps are typically 
made of rubber, thus the end caps 22, 24 can be slid onto the ends of the shaft 20 such 

1 5 that the annular protrusion 86 engages the groove 84 to hold the assembly together. It is 
contemplated that other forms of attachment structure such as snap rings, for example, 
can be used to couple the end caps to the shaft or hold the assembly together. Thereby 
it is further contemplated that the end caps can be at least partially made of materials 
other than rubber that are suitable with alternative attachment structures for holding the 

20 assembly together. 

Referring back to FIG. 1, the assembly 10 has an overall length L and 
outer diameter OD, although the disclosed principles can be applied in a variety of sizes 
and applications. The length L of the assembly is generally defined between the first 
and second end caps, 22, 24 and is preferably between 4 cm and 12 cm (2 inches and 

25 4.7 inches); more preferably the length L is between 7 cm and 9.5 cm. The outer 

diameter OD of the assembly is generally defined by the outer diameter of the rotor 14, 
and is preferably between .3 cm and 3.5 cm (.1 inches and 1 .4 inches); more preferably 
the outer diameter OD is between .8 cm and 2.5 cm. 

Referring now to FIGS. 2-5, the rotor 14 generally includes a rotor 

30 member 16 and a magnet 18. The magnet 18 is positioned between a first flange 56 and 
second flange 58 of the rotor member 16. A bore 38 (FIG. 3) extends through the rotor 
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member 16 from a first end 26 of the rotor member 16 to a second end 28. The bore 38 
is sized and configured for receipt of the shaft 20. The rotor member 16 includes a 
magnet mount portion 88 and an extension portion 90. The magnet mount portion 88 
generally extends between the first and second flanges 56, 58, and is sized and 
5 configured for receipt of the magnet 18. The magnet mount portion 88 can also include 
a keyway or keyed construction to prevent separation of the magnet 18 from the mount 
portion 88. 

The extension portion 90 of the rotor member 16 generally extends from 
the first flange 56 to the first end 26 of the rotor member 16. The extension portion 90 

10 has a diameter Dl (FIG. 2) sized and configured in correspondence to the impeller 12. 
Fins 52 radially extend from the diameter Dl of the extension portion 90. In the 
illustrated embodiment of FIG. 2, three fins 52a, 52b, and 52c are provided along the 
extension portion 90, although other configurations having a different number of fins, or 
other geometry, can be used in accord with the principles disclosed. Typically the fins 

15 52 are spaced at approximately equal distances from one another about the diameter Dl 
of the extension portion 90. Each of the three fins 52a, 52b, and 52c shown is spaced 
approximately 120 degrees relative to one anther. Preferably, one of the fins 52a 
includes a rib extension 54. The rib extension 54 in essence extends or increases the 
length of the one associated fin 52a. That is, the one fin 52a having the rib extension 54 

20 extends a distance from the first flange 56 farther than the distance at which the other 
fins 52b, 52c extend. 

Referring now to FIGS. 6 and 7, the impeller 12 of the impeller and rotor 
assembly 10 generally has a first end 94 and a second end 96, and includes a main body 
92 and a nosepiece 91 located adjacent to the first end 94. The main body 92 has an 

25 outer diameter D2 (FIG. 2) and a primary inner diameter D3 (FIG. 3). The primary 
inner diameter D3 extends from the second end 96 toward the first end 94. Extending 
from the primary inner diameter D3 is a secondary inner diameter D4. The secondary 
diameter D4 corresponds to the outer diameter Dl of the extension portion 90 of the 
rotor member 16. As shown in FIG. 3, the extension portion 90 of the rotor member 16 

30 is sized for receipt within the secondary inner diameter D4 of the impeller 12. 
Likewise, the fins 52 of the rotor member 16 are sized to correspond to the 
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configuration of the primary inner diameter D3 of the impeller 12. The fins 52 prevent 
the impeller from rocking, somewhat like a bell, when the impeller 12 and rotor 14 are 
assembled. 

Still referring to FIGS. 6 and 7, spacing members 46 are positioned 
5 within the primary inner diameter D3 of the impeller 12. The spacing members 46 
project centrally from the inner diameter D3 and provide alignment surfaces 48 that 
define a diameter having generally the same diameter as the secondary inner diameter 
D4 of the impeller 12. The diameter defined by the spacing members 46 are sized and 
configured to support and align the diameter Dl of the extension portion 90 of the rotor 

10 member 16 (see FIG. 3). In the illustrated embodiment, the spacing members 46 are 
longitudinally oriented along the primary inner diameter D3 of the impeller 12. Other 
constructions that support and align the extension portion or define the secondary inner 
diameter D4, such as a collar, for example, can be used. 

The impeller 12 also includes vanes or blades 98 located adjacent to the 

1 5 first end 94 of the main body 92. The blades 98 radially extend outward from the main 
body 92. In the illustrated embodiment, the impeller 12 includes four blades although 
other configurations having a different number of blades can be used in accord with the 
principles disclosed. Each of the four blades has a straight blade configuration. In 
particular, the blades 98 have a main portion 106 that extends radially outward from the 

20 main body 92 in a non-curved and generally perpendicular orientation. The blades can 
be configured with any type of geometry or blade configuration as will be discussed in 
greater detail hereinafter. 

Referring again to FIG. 4, the rotor 14 includes a first interconnecting 
structure 40 that partially defines the interconnecting arrangement 30 of the assembly 

25 10. The first interconnecting structure 40 rotates in concert with the rotor 14. Referring 
to FIG. 6, the impeller 12 includes a second interconnecting structure 50 that also 
partially defines the interconnecting arrangement 30 of the assembly 10. The second 
interconnecting structure 50 rotates in concert with the impeller 12. The second 
interconnecting structure 50 corresponds to the first interconnecting structure 40 to 

30 define the interconnecting arrangement 30 of the assembly 10. 
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The first interconnecting structure 40 includes the rib extension 54. The 
second interconnecting structure 50 includes an interconnecting cam structure 100. The 
interconnecting cam structure 100 has an incline surface 102 and an engagement surface 
104. The incline surface 102 is configured in the shape of a helical structure or helix. 
5 The incline surface 102 abuts with the engagement surface 104 of the interconnecting 
cam structure 100. 

Referring now to FIGS. 9 and 10, the second interconnecting structure 
50 operates in conjunction with the first interconnecting structure 40. In particular, the 
rib extension 54 of the first interconnecting structure 40 operably engages either the 

10 engagement surface 104 (as shown in FIG. 9) or the incline surface 102 (as shown in 
FIG. 10) of the second interconnecting structure 50 when the rotor 14 rotates. 

FIG. 9 illustrates the interaction of the assembly components when the 
assembly 10 rotates in a desired first direction, as represented by arrow A. When 
rotated in the first direction, the interconnecting arrangement 30 causes the rotor 14 and 

1 5 the impeller 12 to rotate in concert. Specifically, the extension rib 54 of the first 

interconnecting structure 40 rotates to an angular position wherein the rib 54 contacts 
the engagement surface 104 (FIG. 6) of the cam structure 100. The rotor 14 in essence 
picks up the impeller 12 and both the rotor 14 and impeller 12 freely rotate in the first 
direction. During this freely rotating operation, the impeller 12 and the rotor 14 are in a 

20 first axial position. 

A washer 36 is positioned between the impeller 12 and the first end cap 
22. The washer 36 provides a bearing surface or planar surface 42 upon which the 
impeller 12 can freely rotate. That is, the first end 94 of the impeller 12 contacts the 
planer surface 42 of the washer 36 during rotational operation of the impeller 12. 

25 The washer 36 is provided in the illustrated embodiment because each of 

the end caps 22, 24 is similarly configured for manufacturing purposes; that is, the first 
end cap 22 has the same geometry as the second end cap 24 (e.g. as shown in FIG. 8). 
The washer 36 prevents the impeller 12 from engaging the geometry of the first end cap 
22. It is contemplated that the first end cap 22 can be configured with an integral planar 

30 surface, or include some other structure that permits free rotation of the impeller when 
in contact with the impeller. Further, in the illustrated embodiment, both end caps 22, 



24 are made of rubber material. The washer 36 provides a planer surface 42 having a 
bearing-type material that does not significantly impede free rotation of the impeller 12. 

When the rotor 14 starts rotating in the undesired opposite direction (as 
represented by arrow B in FIG. 10) the extension rib 54 of the first interconnecting 
5 structure 40 rotates to an angular position wherein the rib 54 slidably contacts the 

incline surface 102 (FIG. 6) of the cam structure 100. As the rotor continues to rotate, 
the extension rib 54 begins to travel along the incline surface 102 of the second 
interconnecting structure 50. As the extension rib 54 travels or translates along the 
incline surface 102, the rotor 14 axially travels from the first axial position to a second 
10 axial position. 

As shown in FIGS. 9 and 10, the impeller 12 remains generally axially 
stationary, and the rotor 14 travels from the first axial position (FIG. 9) to the second 
axially position (FIG. 10) to engage the locking arrangement 60 of the assembly 10. 
Although the impeller 12 can axially "float", the impeller typically remains adjacent to 
15 the first end 32 of the shaft 20 during operation. In FIG. 9, the locking arrangement 60 
is disengage, that is, the assembly 10 is free to continuously rotate in the first direction 
(represented by arrow A). In FIG. 10, the locking arrangement 60 is engage, that is, 
that assembly 10 is prevented from rotating in the second direction (represented by 
arrow B). 

20 In accord with the principles disclosed, interconnecting arrangements 

other than a rib extension and cam surface can be used in accord with the principles 
disclosed. For example, the interconnecting arrangement could include a threaded 
channel arrangement for operably providing rotation in a first direction and preventing 
rotation in the second direction. 

25 The locking arrangement 60 generally includes a first locking structure 

1 12 (FIG. 5) positioned at the second end 28 of the rotor 14 and a second locking 
structure 1 14 (FIG. 8) formed within the second end cap 24 of the assembly 10. 
Referring to FIG. 5, the first locking structure 1 12 includes a locking member 1 16. The 
locking member 116 typically includes at least a first tooth 118. Preferably the first 

30 locking structure 112 includes a plurality of teeth 118 configured so as to not provide 
concentric misalignment during rotational operation. In the illustrated embodiment, 



three teeth are provided and positioned at equal angular intervals about the perimeter 
120 of the locking member 116. Each of the plurality of teeth 118 includes a first ramp 
surface 126 and a first contact surface 128. 

Referring now to FIG. 8, the locking structure 1 14 of the second end cap 
5 24 includes corresponding teeth 122, that is, the teeth 122 of the second end cap 24 are 
configured to engage the teeth 1 18 of the rotor 14 (FIG. 5) to prevent rotation in the 
second undesired direction. Each of the corresponding teeth 122 includes a second 
ramp surface 136 and a second contact surface 138. The configuration of the second 
ramp and contact surfaces 136, 138 of the second locking structure 1 14 corresponds or 

10 mates with the first ramp and contact surface 126, 128 of the teeth 1 1 8 of the first 
locking structure 112. 

As shown in FIG. 8, the corresponding teeth 122 of the second end cap 
24 are at least partially formed within a recess 124 the end cap. Positioning the teeth 
122 at least partially within the recess 124 prevents chatter between the corresponding 

15 teeth 122 and the teeth 1 18 of the locking member 116 when the rotor 14 continuously 
rotates in the first direction. In other words, the rotor 14 is required to travel a distance 
from the first axial position to the second axial position to engage the locking 
arrangement 60. In the first axial position, the teeth 122 of the end cap 24 do not 
contact the teeth 118 of the rotor 14. This is advantageous in reducing noise emission 

20 and vibrations when the assembly 10 is freely rotating in the first desired direction. 

The interconnecting arrangement 30 is configured so that the rotor 
travels a distance from the first position to the second axial position. In the illustrated 
embodiment the assembly 10 is configured such that the rotor 14 travels a distance of 
between .2 cm and 1 cm (.08 inches and .4 inches). As the rotor 14 is traveling it is 

25 rotating. The rotation however is limited and is not continuous. In the preferred 
embodiment, the assembly 10 is configured to limit rotation of the rotor 14 in the 
second direction to between 1/8 and 3/4 revolutions. It is contemplated that other 
configurations of interconnecting arrangements can be used to provide other ranges of 
travel and limited revolutions in accord with the principles disclosed. 

30 Referring again to FIGS. 9 and 10, once the locking arrangement 60 of 

the assembly 10 has been engaged, the rotor 14 is prevented from rotating in the second 

10 



direction B. The motor, and accordingly the rotor, must then start up in the opposite 
direction, i.e. the first direction A. When the rotor begins to rotate in the first direction 
A, the first and second locking structures 112, 1 14 are configured such that the rotor 14 
will ride up along the ramp surfaces 126, 136 of the locking structures 1 12, 1 14. In 
5 addition, the magnet 18 is normally drawn toward the first axial position and assists in 
axially moving the rotor 14 from the second axial position to the first axial position, and 
out of engagement with the second locking structure 1 14 of the second end cap 24. 
What is meant by normally drawn is that the magnet 18 is magnetically biased toward 
the first axial position and will assist in disengaging the locking arrangement 60 when 

10 the interconnecting arrangement 30 is not mechanically positioning the rotor 14 in the 
second axial position. When the rotor 14 returns to the first axial position, the assembly 
10, including the rotor 14 and the impeller 12, is free to rotate in the first direction. 

One advantage of the present assembly is that the assembly 1 0 can 
function properly in any orientation. That is, the impeller and rotor assembly 10 can be 

15 orientated in a vertical, horizontal, angled or inverted orientation during normal 
operations. This is because the interconnecting arrangement 30 and the locking 
arrangement 60 function by way of mechanical interaction and are not dependent upon 
gravitational forces, for example, to properly interact or operate. 

Another advantage of the present assembly is that the assembly 10 is not 

20 dependent on balancing motor power with blade geometry. The principles of the 
present disclosure can be utilized with different impeller blade geometries to obtain 
different flow rates or operation efficiencies. The different impeller blade geometries 
can include straight blade configurations, curved blade configurations, or a 
configuration combining straight and curved geometries. The impeller configuration 

25 can be modified or interchanged for various reasons and applications to obtain lower 
power draw on the motor, for example, yet still achieve a particular target flow rate. 

Yet another advantage is that by providing a known direction of rotation, 
flow rates can be standardized and optimized for a specific product or application. In 
contrast, conventional impeller designs that rotate in either a clockwise or 

30 counterclockwise direction have different flow rate results depending on the direction of 
rotation and cannot be reliably standardized. 
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The present disclosure, and the illustrated embodiment have been 
described and depicted as having a first desired direction of rotation, represented by 
arrow A in FIG. 9, and a second undesired direction of rotation, represented by arrow B 
in FIG. 10. In the alternative, the assembly 10 can be configured to permit continuous 
rotation in the direction represented by arrow B and prevent continuous rotation in the 
direction represented by arrow A by reversing the geometry and configuration of the 
disclosed components. 

The above specification provides a complete description of the UNI- 
DIRECTIONAL IMPELLER, AND IMPELLER AND ROTOR ASSEMBLY. Since 
many embodiments of the invention can be made without departing from the spirit and 
scope of the invention, the invention resides in the claims hereinafter appended. 
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